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ABSTRACT

Inputs of toxic chemicals provide one of the major types of anthropogenic stress threatening our Nation's
coastal and estuarine waters. To assess this threat, the National Oceanic and Atmospheric Administration's
(NOAA's) National Status and Trends (NS&T) Program Mussel Watch Project monitors the concentrations
of more than 70 toxic chemicals in sediments and on the whole soft-parts of mussels and oysters at over
300 sites around the U.S. Twenty of the 25 designated areas that comprise NOAA's National Estuarine
Research Reserve System (NERRS) have one or more Mussel Watch monitoring sites. Trace elements and
organic contaminants were quantified including As, Ag, Cd, Cu, Hg, Ni, Pb, Zn, SPCBs, SPAHs, DDT and its
metabolites, and butyltins. The Mussel Watch sites located in or near the 20 Reserves provide for both
status and trends. Generally the Reserves have trace element and organic contaminant concentrations that
are at or below the median concentration determined for all NS&T Mussel Watch monitoring data. Trends
were derived using the Spearman-rank correlation coefficient. It was possible to determine if trends exist
for sites at which six or more years of data are available. Generally no trends were found for trace
elements but when trends were found they were usually decreasing. The same general conclusion holds for
organic contaminants but more decreasing trends were found than for trace elements. The greatest
number of decreasing trends were found for tributyltin and its metabolites.
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CONTAMINANT TRENDS 1IN
US NATIONAL ESTUARINE RESEARCH
RESERUES

G. G. Lauenstein and A. Y. Cantillo

Center for Coastal Monitoring and Assessment
National Centers for Coastal Ocean Science
NOAA/National Ocean Service
1305 East West Hwy.

Silver Spring, MD

Toxic chemicals are a major anthropogenic

stress threatening the coastal and estuarine
waters. To assess this threat, the National
Oceanic and Atmospheric  Administration's

(NOAA) National Status and Trends (NS&T)
Program Mussel Watch Project monitors more
than 70 toxic chemicals in sediments and on
whole soft-parts of mussels and oysters at
over 300 sites around the U.S. (Table 1 and
Figure 1). Twenty of the 25 designated areas
comprising NOAA's National Estuarine Research
Reserve System (NERRS) (Figure 2) have one or
more Mussel Watch monitoring sites (Table 2).
Regional maps showing the location of NERRS
sites and NS&T Mussel Watch sites are in Part
Il. Data collected in these 20 Reserves are from
30 individual Mussel Watch Project sites at
which measurements of bio-accumulation of
toxic chemicals in bivalves (mussels and
oysters) are used to assess ambient
contaminant conditions.

This report presents a summary of these
contaminants in bivalves at these 30 sites and
compares these to levels found in bivalves at
NS&T Mussel Watch sites nationwide. Temporal
trends are discussed for sites for which there
are six or more years of data. This work is an
update of a document prepared by Gottholm and
Robertson (1996).
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In 1992 scientists from the NERRS proposed
establishing a national coordinated monitoring
program to identify and track short-term
variability and long-term changes (Wenner and
Giest, 2001). The resulting monitoring program
measures pH, conductivity, temperature,
dissolved oxygen, turbidity, and water level.
With the addition of NS&T trace element and
organic contaminants data, both the abiotic and
chemical status and trends of the Reserves are
documented.

This report provides both a national overview
of chemical contaminants within NERRS, and a
Reserve-by-Reserve status of contaminants and
trends. Reserve information is found in Part IlI.
Characterization within Reserves would be
improved by incorporating bivalve mollusk
monitoring sites in as many of the remaining
Reserves as possible.

NATJONAL STATUS AND TRENDS
PROGRAM

Species Collected — The primary species of
mollusks monitored are the blue mussel, Mytilus
edulis, at sites from Maine to Delaware Bay;

the American oyster, Crassostrea virginica,
from Delaware Bay south through the Gulf of
Mexico; the mussels, M. edulis and M.
californianus, on the West Coast; the zebra
mussels, Dreissena polymorpha and D. bugensis,



Figure 1. Location of NS&T Mussel Watch sites in continental US.

Figure 2. Location of NERRS sites in continental US (proposed NERRS in orange).
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Table 1

Organic Contaminants, and Major and Trace Elements Determined As Part of

the NS&T Program
(Number below chemical structure is the Chemical Abstracts Service registry number.)

Polycyclic aromatic hydrocarbons

Low molecular weight PAHSs Naphthalene Biphenyl

(2- and 3-ring structures) 91-20-3 92-52-4

1-Methylnaphthalene @@ Anthracene

1-Methylphenanthrene @ 120-12-7 @'@ g;znzaghthe”e

2-Methylnaphthalene e

2,6-Dimethylnaphthalene @ Phenanthrene

1,6,7-Trimethylnaphthalene* @ 85-01-8 —

Acenaphthene @ gggngﬁgpgthylene

Acenaphthylene* C e

Anthracene C

Biphenyl @@ @‘@ Fluorene

Fluorene fG?T' thvinanhthal 86-73-7
,6,7-Trimethylnaphthalene

Naphthalene 9245-38-7

Phenanthrene

@ Benz[a]anthracene @
56-55-3 @@@
@ Benzo[e]pyrene @

0

Fluoranthene

206-44-0 @@
198-55-0 ©©©©
Dibenz[a,h]anthracene Benzo[ghi]perylene
53-70-3 191-24-2

Chlorinated pesticides

2,4-DDD

4,4-DDD

2,4-DDE Ccl,

g'j,'_DDDDE 4,4-DDT
, 50-29-3

4,4-DDT

* PAHs added in 1988. Only the original 18 PAHs were used in this report.
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High molecular weight PAHs
(4-, 5-, and 6-rings)

Benz[a]anthracene
Benzo[a]pyrene
Benzol[b]fluoranthene*
Benzo[e]pyrene
Benzo[ghi]perylene*
Benzol[k]fluoranthene*
Chrysene
Dibenz[a,h]anthracene
Fluoranthene
Indeno[1,2,3-cd]pyrene*
Perylene

Pyrene

CI—@—?—@—CI CI—@—%—@—Cl CI—@—?—@—CI

ccl, CHCl,
4,4-DDE 4,4-DDD
72-55-9 72-54-8



Table 1 (cont.)

Organic Contaminants, and Major and Trace Elements Determined As Part of

the NS&T Program
(Number below chemical structure is the Chemical Abstracts Service registry number.)

Aldrin ISI. Cl_Cl
C_hlorpyrifos C_C_O>p—o N Cl
cis-Chlordane c—-C-0 IC;\(
Dieldrin Chlorpyrifos ~ Cl Cl
Endosulfan-II 2921-88-2 o o
delta-Hexachlorocyclohexane cl cl Dieldrin Y
gamma-Hexachlorocyclohexane al cl 60-57-1
[ cl_ Cl
(Lindane) of o >r

Heptachlor
Heptachlor epoxide gamma-Hexachlorocyclohexane ~ Cl &
Hexachlorobenzene 58-89-9 % cl
alpha-Hexachlorocyclohexane cl cl cl al
beta-Hexachlorocyclohexane cl Cl cl cl
Mirex cl cl trans-Nonachlor
cis-Nonachlor cl cl 39765-80-5
trans-Nonachlor (|3' — L@ al Cl
Oxychlordane ¢ Jd Cl /

Mirex cl cl Aldrin

2385-85-5 HHo 309-00-2
Polychlorinated biphenyl congeners (IUPAC numbering system)
PCB 8, PCB 18, PCB 28, PCB 44, PCB 52, PCB 66, PCB 101, PCB 322 3
105, PCB 118, PCB 128, PCB 138, PCB 153, PCB 170, PCB 180, 4'4
PCB 187, PCB 195, PCB 206, PCB 209 REAS

Planar PCBs (PCB 77, PCB 126, PCB 169)
Chlorinated dibenzofurans*

2,3,7,8-Tetrachlorodibenzofuran
1,2,3,7,8-Pentachlorodibenzofuran
2,3,4,7,8-Pentachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,6,7,8-Hexachlorodibenzofuran
2,3,4,6,7,8-Hexachlorodibenzofuran
1,2,3,7,8,9-Hexachlorodibenzofuran
1,2,3,4,6,7,8-Heptachlorodibenzofuran

PCB parent structure

Chlorinated dibenzodioxins*
2,3,7,8-Tetrachlorodibenzo-p-dioxin
1,2,3,7,8-Pentachlorodibenzo-p-dioxin
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin
Octachlorodibenzo-p-dioxin

1,2,3,4,7,8,9-Heptachlorodibenzofuran 9 o 1
Octachlorodibenzofuran 8@[ @2
7 0 3
9 1 6 4
o] . L
8 2 Dibenzo-p-dioxin parent structure
7 3
6 4

Dibenzofuran parent structure

*Dioxins and furans are not discussed in this report.



Table 1 (cont.)

Organic Contaminants, and Major and Trace Elements Determined As Part of

the NS&T Program
(Number below chemical structure is the Chemical Abstracts Service registry number.)

Major and trace elements

Al - aluminum Cu - copper Ag - silver
Si - silicon Zn - zinc Cd - cadmium
Cr - chromium As - arsenic Hg - mercury
Mn - manganese Se - selenium T - thallium
Fe - iron Sn - tin Pb - lead

Ni o - nickel Sb - antimony

Organotins

Monobutyltin3*, dibutyltin2*, tributyltin®, tetrabutyltin

at sites in the Great Lakes; the Hawaiian
oyster, Ostrea sandvicensis in Hawaii; and the
mangrove oyster Crassostrea rhizophorae in
Puerto Rico.

Sample Size — During the first years of the
NS&T Program (1986-1991), the objective for
bivalve sampling was to obtain three discrete
composite samples from each site. At each
station, a bivalve sample generally consisted of
20 to 30 mollusks, depending on size and
species. In 1992, the number of specimens
collected at each site was reduced to what was
necessary for one composite sample.

Sampling Methods — Field sampling along the
East and West Coasts used a variety of
techniques such as a bivalve dredge, tongs, and
pitchfork. At some shoreline sites, intertidal
bivalves were collected by hand. For Gulf Coast
sampling, oysters were collected with tongs,
dredge and, where possible, by hand. In some
areas, collection methods were constrained by
sampling permits and restrictions in use of
certain equipment. After collection, bivalves
were separated and scrubbed with a nylon or
natural fiber brush to remove detritus. A
complete overview and summary of the
sampling and analytical methods of the NS&T
Program are described in Lauenstein and
Cantillo (1993 and 1998).
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Site Selection — The criteria for the NS&T
sites selected for this report were that they be
nearby or within the boundaries of a National
Estuarine Research Reserve (not more than 10
miles away). They also had to be affected by the

same estuarine drainage. Table 2 lists the
Reserves where NS&T sites meet these
criteria. How well these corresponded to the

Mussel Watch sites was rated according to the
fit between the site and the associated NERR.

Contaminants Analyzed — The elements and
compounds measured in the NS&T Mussel Watch
Project are listed in Table 1. With the
exceptions of manganese, aluminum, iron, and
silicon, the elements in Table 1 are potential
contaminants because their concentrations in
the environment have been altered by human
activity (Nriagu, 1989).

“The mere existence of chlorinated organic
compounds and butlytins indicates human
activity.  Polycyclic aromatic hydrocarbons
(PAHSs), some of which are naturally occurring,
are found in fossil fuels such as coal and oil, and
are produced during the combustion of organic
matter. Their environmental presence is also
attributable to human activities because they
are released in the use and transportation of
petroleum products, and from a multitude of
other human activities, such as burning coal and



National Estuarine Research Reserve Locations and Their
Watch Project
[

National Estuarine
Research Reserve

Wells, ME
Great Bay, NH
Wagquoit Bay

Narragansett Bay, Rl

Hudson River, Tivoli, NY
Jacques Costeau, NJ

Delaware,
Blackbird, DE
St. Jones

Chesapeake Bay,

Otter Point, MD

Chesapeake Bay,

Godwin Island, VA

North Carolina,

Rachel Carson, NC

Zeke's Island

North Inlet-Winyah Bay, SC

Ashepoo, Combahee
and Edisto Basin

Sapelo Island, GA

Guana Tolomato Matanzas (GTM)
Jobos Bay, Puerto Rico

Rookery Bay, FL

Apalachicola Bay, FL

Weeks Bay, AL
Grand Bay, MS
Tijuana River, CA
Elkhorn Slough, CA

San Francisco Bay (proposed)A

South Slough, OR

Padilla Bay, WA
Kachemak Bay, AK

Old Woman Creek, OH<>

St. Lawrence River

NS&T
Code*

CAKP
GBDP
BBNI
NBPI
NBDI
HRCI
BIBL
AIAC

DBHC
DBKI

CBBO

CBDP

BIPI
CrBI
WBLB
SRNB
CHRJ

SSSI
ARWI
MRCB
PRBJ
RBHC
NBNB
APDB
APCP
MBCP
MSPB
IBNJ
MBES
MBML

CBCH
CBRP
BBSM
CIHS

LEOW

Table 2

General
Location

Cape Arundel
Great Bay
Buzzards Bay
Narragansett Bay
Narragansett Bay
Hudson River
Barnegat Inlet
Absecon Inlet

Delaware Bay
Delaware Bay

Chesapeake Bay
Chesapeake Bay

Beaufort Inlet
Cape Fear

Winyah Bay

North Bay
Charleston Harbor

Sapelo Sound
Altamaha River
Matanzas River
Puerto Rico
Rookery Bay
Naples Bay
Apalachicola Bay
Apalachicola Bay
Mobile Bay
Mississippi Sound
Imperial Beach
Monterey Bay
Monterey Bay

Coos Bay
Coos Bay

Squalicum Marina Jetty

Cook Inlet
Lake Erie

* Mussel site coordinates and site descriptions can be found in Appendix 1.

Specific
Location

Kennebunkport
Dover Point
Naushon Island
Patience Island
Dyer Island
Cruger Island
Barnegat Light
Atlantic City

Hope Creek
Kelly Island

Bodkin Point
Dandy Point

Pivers Island
Battery Is.
Lower Bay
Santee River
Fort Johnson

Sapelo Island
Wolfe Island
Crescent Beach
Bahia de Jobos
Henderson Creek
Naples Bay

Dry Bar

Cat Point Bar
Cedar Pt. Reef
Pascagoula Bay
North Jetty

Moss Elkhorn Slough

Moss Landing

Coos Head
Russell Point
Bellingham Bay
Homer Spit

Old Woman

Associated NS&T Mussel

Distance Site Match

Apart

3.2
2.4
11
0
0.8
0
8.6
1.6

6.0
8.0

20

10
0.3
3
1.6

6.3
30

2.5

12
0

0.4/0

Quality

fair

good

no match
excellent
good
excellent
fair

good

fair
fair

no match
fair

excellent
fair

good
fair

no match

excellent
fair
excellent
good
excellent
fair
excellent
excellent
no match
fair
good
good
fair

good
fair

no match
excellent

fair/excellent

Five Mussel Watch Project monitoring sites exist in the Bay: San Pablo Bay-Point San Pedro (sediment only), San Pablo Bay Semple
Point (sediment only), San Francisco Bay-Emeryville, San Francisco Bay-San Mateo Bridge, and San Francisco Bay-Dumbarton Bridge.

0

The bivalve site is outside the Reserve while the associated sediment site is inside the Reserve.



wood, and

1996)

RESULTS AND DISCUSSION “

Part 11l shows how Mussel Watch data corres-
pond to median and ‘high’ bivalve concentra-
tions found at NS&T Mussel Watch Project sites
in or near the Reserves in relation to concen-
trations found at NS&T sites nation-wide. ‘High’
is defined as the mean plus one standard
deviation of the geometric concentrations for all
Mussel Watch sites (O'Connor, 1996), and
include the highest 15% values for each
compound. They do not indicate problem levels
of contamination. Rather, they serve as a basis
for categorizing NS&T site data.

incinerating waste.” (O'Connor,

Median and ‘high’ (85th percentile values) are
recalculated to include Mussel Watch data
through 1999. On each graph, the dotted blue
line indicates the NS&T national median concen-
tration; the dashed red line indicates the
calculated NS&T 85th percentile or ‘high’
concentration (Table 3).

Organisms Tested — Oysters and mussels do
not equally concentrate chemicals (O'Connor,
1992). While there is no statistically significant
difference in the rate each accumulates organic
contaminants, oysters have an affinity for
silver, copper, and zinc, while mussels have an
affinity for chromium and lead. Because of this,
mussel and oyster data for these trace elements
were evaluated separately.

References made to bivalve data include
combined mussel and oyster data. For mussels,
three mussel species or species groups were
used: Mytilus edulis, M. californianus, and
Dreissena spp. Oyster data include Crassostrea
virginica, C. rhizophorae, and Ostrea
sandvicensis.

Compounds Tested — Total chlordane and
total DDT are chlorinated pesticides. PCBs are
chlorinated compounds developed for other uses.

YChlordane — The sum of the concentrations of

alpha-chlordane, trans-nonachlor, heptachlor
and heptachlor epoxide.

YDDTs — The sum of the ortho and para forms of
the parent DDT and its metabolites, i.e., 2,4'-
DDE, 4,4'-DDE, 2,4'-DDD, 4,4'-DDD, 2,4'-DDT
and 4,4'-DDT.

SPAHs —The 18 PAHcompounds listedin Table 1.

SPCBs — All non-planar PCB congeners (18).
Table 4 presents a national overview of the
contaminant status of the Reserves. It is based
on the work of O'Connor (2002). Contaminant
status and trends for each Reserve are provided
in Part Ill. Table 4 notes those trace elements
and organic contaminants where concentrations
were in the NS&T ‘high’ category for at least
half the years the site was sampled. Most of the
Reserves have few or no analytes in the ‘high’
category. Further, most analytes in most of the
Reserves are at or below the NS&T median
concentration.

Exceptions to this general conclusion occur
more frequently for trace elements than for
organics. Reserves where trace elements are
‘high’ include: Great Bay, Jacques Costeau,
South Slough, and both Old Woman Creek and the
Hudson River sites where zebra mussels are
collected (See Hudson River NERR discussion,
Part IIl). Each of these special cases and the
consistently  ‘high’ arsenic  concentrations
associated with Reserves in the U.S. Southeast
are also discussed in Part Il

Trends were derived using a two-tailed
Spearman-rank correlation coefficient, as
outlined in the SAS™ software. Correlation

coefficients used to determine if a trend was
significant were taken from Mendenhall, 1975.
Trends were determined for sites where there
are six or more years of data. The number of
increasing and decreasing contaminant trends
are shown in Table 5.

With a 0.05 probability of finding a trend where
none existed, statistically five trends in 100
sites might be false positives. For 206 sites,
that would mean 10 false positives. But Table 5
shows are approximately 10 increasing and
decreasing trends for each trace element.

Cadmium is the exception. Twice that number of

decreasing trends was found. All summed
organics also had greater than the expected 10



Table 3

NS&T Mussel Watch Data Medians and 85th Percentile Values (1986-1999)
(Medians and percentiles were determined using the average at each site across all sampled years. Element data in pg/g dry wt.
unless noted, and organic data in ng/g dry wt.).

Oyster data only

Cu Zn Ag Pb
n 135 128 134 128
Median 140 2200 2.3 0.50
85th percentile 310 4600 5.7 0.80
Mussel data only

Cu Zn Ag Pb
n 149 149 146 149
Median 9.9 130 0.17 1.8
85th percentile 16 170 0.54 4.6
Mussel and oyster data

Ni As Se Cd Hg
n 285 285 285 285 284
Median 2.0 9.2 2.8 2.9 0.10
85th percentile 4.6 16 4.1 6.1 0.20

>DDTs >PCBs SPAHs YCdane SDiel
n 285 285 285 285 285
Median 31 110 320 10 5.0
85th percentile 140 500 1100 32 15
Mirex Hexachloro- Lindane SBTs
benzene

n 285 285 285 277
Median 0.25 0.23 1.2 59
85th percentile 1.2 1.1 2.7 240
I L —

n: Number of data points (roughly equivalent to the number of sampling sites).

>BTs: The sum of the concentrations of tributyltin and its breakdown products dibutyltin and monobutyltin (as ng Sn/g dry wt.).
YCdane: The sum of cis-chlordane, trans-nonachlor, heptachlor and heptachlorepoxide.

>DDTs: The sum of concentrations of DDTs and its metabolites, DDEs and DDDs.

YDieldrin: The sum of dieldrin and aldrin.

>PAHSs: The sum of concentrations of the 18 PAH compounds.

YPCBs: The sum of the concentrations of homologs, which is approximately twice the sum of the 18 congeners.

JER —— (] 8 LD DTl



Table 4

Site/Chemical Combinations Where Concentrations in Mollusks Were ‘High’ in at
Least Half the Years Sampled Since 19909 (O'Connor, 2002)

[ [ — ]
General Specific Yrs* Ag As Cu Cr Hg Ni Pb Se Zn  YDiel SDDT YPCB YPAH
Location Location

Cape Arundel Kennebunkport 6

Great Bay Dover Point 1 O O O O O O
Narragansett Bay Dyer Is. 5 0
Patience Is. 7 0 O
Barnegat Barnegat Inlet Light 6 O O O
Absecon Inlet Atlantic City 6 o O a O

Delaware Bay Hope Creek®
Kelly Island 10 O O O

Chesapeake Bay Dandy Pt. 6

~
O
O

Beaufort Inlet Pivers Is.

Cape Fear Battery Is. 8 O
Winyah Bay Lower Bay 7 0
North Bay Santee River 7 O O
Sapelo Sound Sapelo Is. 6 O
Altamaha River  Wolfe lIs. 6 O ]
Matanzas R. Crescent Beach 6 O

Puerto Rico Bahia de Jobos 5

Rookery Bay Henderson Creek 7

Naples Bay Naples Bay 7 O
Apalachicola Bay Dry Bar 6
Cat PointBar 6
Mississippi Snd. Pascagoula Bay 7
Imperial Beach North Jetty 6 O 0 0
Monterey Bay Moss Landing 8 o O O O
Elkhorn Slough 4 o O O
Coos Bay Coos Head 7
Russell Point 7 o O 0
Cook Inlet Homer Spit 2 0
Lake Erie Old Woman Cr~ 3 0 O ] 0
Hudson River Cruger Island® 2 O O O O O
L D — ]

“Number of years for which concentration was considered ‘high’.

ONo information is provided for Ybutyltin, Schlordane, or Cd because none of these analytes were found to be ‘high’ at NERRs sites
since 1990.

A )
This site was only sampled in 1989.
See discussion of zebra mussels versus other bivalves' ability to concentrate trace elements, Hudson River NERR (Part 111).
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Table 5

Temporal Trends in Chemical Concentrations Measured Nationally at 206 Mussel
Watch Project Sites and at 30 Sites in the NERRS for Which Data Exist for Six
Years During 1986-1999

I ]
____________ Trend Trend
Organics* | D NT Element | D
>Cdane 1 85 (8) 120 As 9 15 (3) 182
SDDTs 1(1) 54 (5) 151 Cd 7(4) 20 (2) 179
SDiel 4(2) 32 (4) 170 Cu 9 10 (1) 187
SPCBs 5(1) 30 171 Hg 13(1) 14(2) 179
SPAHs 18(3) 26 (1) 162 Ni 11(2) 6(1) 189
>BTs 0 100(10) 106 Pb 11(2) 12(3) 183
HCB 16 7 183 Se 14(2) 4 188
Lindane 3 31 172 Zn 7(1) 15(4) 184
Mirex 17 6 183

I L E——

I - Increasing, D - Decreasing, NT - No trend. Increasing and decreasing trends for NERRs are given in parentheses.
* Individual organic compound concentrations have been aggregated into these groups:

>BTs: The sum of the concentrations of tributyltin and its breakdown products dibutyltin and monobutyltin.
YCdane: The sum of cis-chlordane, trans-nonachlor, heptachlor and heptachlorepoxide.

>DDTs: The sum of concentrations of DDTs and its metabolites, DDEs and DDDs.

>Dield: the sum of concentrations of aldrin and dieldrin.

YPAHSs: The sum of concentrations of the 18 PAH compounds.

SPCBs: The sum of the concentrations of homologs, which is approximately twice the sum of the 18 congeners.

Plate 1. A forested wetland area, Georgetown, South Carolina, ACE Basin NERR
(NOAA National Estuarine Research Reserve Collection, nerr0017, NOAA Photo
Collection, NOAA Central Library).
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decreasing trends. In decreasing order these
were YBTs, YCdane, YDDTs, >Diel, Lindane,
SPCBs, SPAHs. While there were few increasing
trends for any organic, there were more
increasing trends for YPAHs than would be
expected from chance alone.

The slightly more apparent increasing trends
for SPAHs may be associated with changes in
the analytical methods. Early in the Mussel
Watch Project, the analytical methodology was
not as sensitive, and what are now low PAH
concentrations were recorded as zero.

On a national basis, only Lindane had
statistically significant decreasing trends for
non-summed organics. Hexachlorobenzene and
Mirex had a few more increasing than
decreasing trends.

Results for both trace elements and organic
contaminants are not unexpected. Trace
elements are found in the earth's crust and are

a natural part of the environment. However,
many trace elements quantified by the Mussel
Watch Project are also found in industrial
effluents and municipal outfalls. Pollution

controls and the ban on lead-based gasoline
additives have reduced the input to coastal
waters. Decreasing lead concentrations
reported by Lauenstein et al. (1990) were
attributed to phasing out leaded gasoline.

O'Connor (2002) provided information on when
the use of various summed organic compounds
quantified by the Project were phased out or
banned.

DDT and Dieldrin — All uses were banned in the
U.S. in the 1970s.

Chlordane — Its use on U.S. crops ended in 1983.
Use for termite control effectively ended in
1988.

SPCBs — Phasing out polychlorinated biphenyls
in the U.S. began in 1971. A ban on new uses
took effect in 1976.

SBTs — The three butyltin compounds are found
in mollusks because tributyltin (TBT) is an
antifouling agent used in boat paint. In 1988, the
U.S. Organotin Anti-Fouling Paint Act banned its
use on vessels under 75 feet.

PAHs — Polycyclic aromatic hydrocarbons occur
from natural seepage of oil and when fossil fuels
and organic matter burns. Human activities add
to this - burning coal and wood, waste
incineration, and production, transport, and use
of oil.

Hexachlorobenzene, Lindane, and Mirex are not
presented as aggregate organic compounds. The
following information is from the Registry of
the Agency for Toxic Substances and Disease
Registry (2002).

HCB - Hexachlorobenzene is a by-product of the
manufacture of 1) chemicals used as solvents,
2) other chlorine-containing compounds, and 3)
pesticides. Small amounts can be produced
during combustion (burning of city wastes). It
may also be produced as a by-product in waste
streams of chlor-alkali and wood preserving
plants. Widely used as a pesticide until 1965, it
was also used to make fireworks, ammunition,
and synthetic rubber. Currently, there are no
commercial uses of the substance in the United
States.

Lindane or g-HCH — Gamma-Hexachlorocyclo-
hexane was used as an insecticide on fruit,
vegetables, and forest crops. It is also used in
the U.S. and in other countries as a topical
treatment for head and body lice and scabies.
Lindane has not been produced in the United
States since 1976. However, imported g-HCH is
available for insecticide use as a dust, powder,
liguid, or concentrate, as well as a lotion,
cream, or shampoo to control scabies and head
lice. Technical-grade HCH has not been produced
in the United States since 1983. In addition,
isomers of HCH other than g-HCH may not be
made or used commercially in the United States.

Mirex — This insecticide does not occur
naturally. No longer made or used in the United
States, Mirex was most commonly used as a
pesticide to control fire ants in the southeastern
U.S. in the 1960s and 1970s. Also, as a flame
retardant, it was added to plastics, rubber,
paint, paper, and electrical goods from 1959 to
1972. All registered products containing Mirex
were canceled between 1977 and 1978.

Trends — There was not enough data (covering
six or more years) at seven of the 30 Mussel
Watch sites within the 25 Reserves to
determine trends. They are: Great Bay-Dover



Point, Hudson River-Tivoli, Delaware Bay-Hope
Creek, Puerto Rico-Bahia de Jobos, Elkhorn
Slough-Elkhorn  Slough, Kachemak Bay, Old
Woman Creek.

Tables 6 and 7 present Reserve-specific trends
for trace elements and organic contaminants.
The sum of both decreasing and increasing
contaminant trends are contrasted to the
corresponding national trends in Table 4. Few
trends were found, either increasing or
decreasing. But when trace element trends were
found (Table 6) they were primarily decreasing.

Locations with more than three trends are Dyer
Island, a Mussel Watch site in the Narragansett
Bay Reserve, and Barnegat Inlet, the Mussel
Watch site in the Jacques Cousteau Reserve. At

Dyer Island silver, copper, nickel, lead, and
zinc are all decreasing. At Barnegat Inlet,
silver, and chromium are decreasing while

mercury, nickel and selenium are all increasing.

For most organic contaminants (Table 7) the
same general conclusion applies: at most sites
there were no trends, and when trends were
found, they were primarily decreasing. Note,
there were more decreasing trends found for
organics than for trace elements.

The only site with more than three trends was
Pascagoula Bay near the Grand Bay Reserve. All
five trends there were decreasing (3BTs,
YCdane, YDDT, YDiel and Mirex).

CONCLUSIONS

The levels for 11 trace elements and 9
categories of the most problematic organic
chemicals were examined. In general, the levels
in or near the Reserves were close to or below
the national medians for all Mussel Watch sites.
However, there were exceptions where ‘high’

values relative to the national means were
found.
For bivalve tissues, arsenic concentrations

were ‘high’ along the U.S. Southeast coast, and
as a result, within those Reserves. These high
concentrations were most likely from natural
phenomena, not pollution. They are not a health
concern because of the chemical form in which
arsenic is found.

I s T L e 12

Few monitoring sites in or near the Reserves
had consistently high trace element or organic
contaminant concentrations. An exception to
this was the Dover Point site near the Great
Bay Reserve. Although this site had ‘high’
concentrations for six trace elements (copper,
chromium, mercury, selenium, nickel, lead),
only two years of data were used, and the site
is not located within the Great Bay Reserve, but
to the north of it.

Absecon Inlet for which there is a good site
match with the Jacques Costeau Reserve had
four trace elements in the ‘high’ category and
this condition held for six of the years that this
site was sampled. The Barnegat Inlet site, to the
north of the Reserve, also had three ‘high’
trace elements (copper, mercury, selenium).
The Moss Landing site in the vicinity of the
Elkhorn Slough Reserve was high in two trace
elements (chromium, nickel) and organics (3 Diel
and YDDT). High levels for chromium and the
two organics were also found at the Elkhorn
Slough Mussel Watch site.

High trace elements were found at the two
Reserves where zebra mussels were collected
(Tivoli-Hudson River, NY and Old Woman Creek,
OH). This seems to be an artifact because zebra
mussels have a greater affinity for nickel,
copper, selenium, chromium, and cadmium than
other bivalves used in the Mussel Watch Project
(O'Connor 2002).

In general, no trends were found for either
trace elements or organics. But when trends
were found they were generally decreasing.
Decreasing trends were more prevalent for
organics. The greatest number of decreasing
trends found was for butyltins, for both the
national monitoring sites and the Reserves.

Summed-chlordane had nearly as many
decreasing trends as summed butyltins.
With minor exceptions, the National Estuarine

Research Reserves represent some of the least
contaminated estuaries in the US.



Table 6

Trace Element Trends at National Estuarine Research Reserve Mussel Watch
Project Sites

I L ———
National Estuarine NS&T e TreNdS i
Research Reserve Site n Ag As Cd Cu Cr Hg Ni Pb Se Sn Zn
Wells, ME CAKP 8
Narragansett Bay, Rl NBPI 9 °

NBDI 10 ° ° ° ° °
Jacques Costeau, NJ BIBL 8 ° ° o 0O O
AIAC 8 o O
Delware Bay, DE
St. Jones DBKI 10
Chesapeake Bay, VA CBDP 11 O

Godwin Island,

North Carolina, NC

Rachel Carson BIPI 7 O
Zeke's Island CRBI 12
North Inlet-Winyah Bay, SC WBLB 8
SRNB 8
Sapelo Island, GA
Sapelo Island SSSl 11
Wolfe Island ARWI 8
Guana Tolomaro MRCB 11 O

Matanzas, FL

Jobos Bay, Puerto Rico PRBJ 5 O O
Rookery Bay, FL RBHC 11 °
NBNB 11 ° ° O
Apalachicola Bay, FL APDB 11 °
APCP 11
Grand Bay, MS MSPB 11 °
Tijuana River, CA IBNJ 11 ° ° °
Elkhorn Slough, CA MBES 5 ° 0 °
MBML 9 °
South Slough, OR CBCH 11
CBRP 11
o Decreasing trends 0 Increasing trends
S L —

Trends were derived using the Spearman-ranked correlation coefficient in SAS™. No contaminant trends were determined for those
sites with less than 5 years of data. Reserves with less than 5 years of data include Great Bay, Hudson River, Delaware Bay-Hope
Creek, Jobos Bay, Elkhorn Slough-Elkhorn Slough, Kachemak Bay, Old Woman Creek.
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Table 7

Organic Contaminant Trends at National Estuarine Research Reserve Mussel Watch
Project Sites

National EstuarineNS&T e TIENAS e
Research ReserveSite n SPAH 3BT  YCdane >DDT  YDiel SPCB HCB Lindane Mirex

Wells, ME CAKP 8 ° ° °
Narragansett Bay, Rl NBPI 9 ° °

NBDI 10 O °
Jacques Costeau, NJ BIBL 8 °

AIAC 8

Delaware Bay, DE
St. Jones DBKI 10 °

Chesapeake Bay - VA
Godwin Island  CBDP 11 ° ° °

North Carolina, NC
Rachel Carson, BIPI 7
Zeke's Island CRBI 12

North Inlet- WBLB 8 d ]
Winyah Bay, SC SRNB 8 O O
Sapelo Island, GA SsSI 11 ° °
ARWI 8
Guana Tolomato MRCB 7 ° d

Matanzas, FL

Rookery Bay, FL RBHC 11 O ° °
NBNB 11 ° °
Apalachicola Bay, FL APDB 11 ° ° °
APCP 11 ° ° °
Grand Bay, MS MSPB 11 ° ° ° ° °
Tijuana River, CA IBNJ 11 0 ° °
Elkhorn Slough, CA MBML 9 ° O O
South Slough, OR  CBCH 11 ° °
CBRP 11 ° ° °
o Decreasing trends 0 Increasing trends
I L ——

Trends were derived using the Spearman-ranked correlation coefficient in SAS™. Analyses of butyltins began in 1988-1989 so there
are fewer years of data than for other analytes. No contaminant trends were determined for those sites with less than 5 years of
data. Reserves with less than 5 years of data include Great Bay, Hudson River, Delaware Bay-Hope Creek, Jobos Bay, Elkhorn Slough-
Elkhorn Slough, Kachemak Bay, Old Woman Creek.
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Plate 2. Mussel Watch Program bivalve sampling on oyster reef in Chincoteague,
Virginia (A. Cantillo).

R

iy g

Plate 3. Mussel Watch Program bivalve sampling for mussels on the West Coast
(TAMU/GERG).
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PART Il

Locations of NERRS and NS&T Mussel [Watch Sites

Plate 4. Mussel sampling from bridge supports, Coronado Bridge, San
Diego, California (TAMU/GERG).
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Figure 3. Location of National Estuarine Research Reserves along the northeast coast.
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Figure 6. Location of NS&T Mussel Watch sites along the southeast coast.
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Figure 7. Location of National Estuarine Research Reserves along the south and Gulf coasts.
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Figure 8. Location of NS&T Mussel Watch sites along the south and Gulf coasts.
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Figure 9. Location of NS&T Mussel Watch sites along the western Gulf coast. There are no
NERRS along the western Gulf of Mexico coast.

Plate 5. Sampling at Joseph Harbor Bayou Mussel Watch site (TAMU/GERG).
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Figure 10. Location of National Estuarine Research Reserve along the coast of Puerto Rico.
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Figure 11. Location of NS&T Mussel Watch sites in Puerto Rico.

Plate 6. Aerial view, Bahia de Jobos, Puerto Rico, Jobos Bay NERR
(NOAA National Estuarine Research Reserve Collection, nerr0076,

NOAA Photo Collection,

NOAA Central Library).
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Figure 12. Location of National Estuarine Research Reserves along the Pacific coast.
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Figure 13. Location of NS&T Mussel Watch sites along the Pacific coast.

25



-
e Kachemak Bay
NERR

CPaciﬁ'c
Ocean

v I'i'\\l‘:' 'W;L-

Figure 14. Location of National Estuarine Research Reserve in Alaska.
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Figure 15. Location of NS&T Mussel Watch sites in Alaska.
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Lake Huron

Lake Ontario

Lake Erie

Figure 16. Location of National Estuarine Research Reserves in Lake Erie and the St. Lawrence
Seaway. The St. Lawrence Reserve is proposed at this time.

Figure 17. Location of NS&T Mussel Watch sites in the Great Lakes
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Plate 7. Zebra Mussels on a unionid clam, Anchor Bay, Lake St.
Clair, Michigan (Photo: NOAA).

Plate 8. Zebra mussels collected using a dredge, Anchor Bay, Lake
St. Clair, Michigan (Photo: NOAA).
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Contaminant Trends by Location

Plate 9. Sampling at the Spring Creek, Apalachee Bay, Mussel Watch site (TAMU/GERG).
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Plate 10. Coniferous and deciduous trees in the Oregon coastal lowlands,
Charleston, Oregon, South Slough NERR (NOAA National Estuarine Research
Reserve Collection, nerr0438, NOAA Photo Collection, NOAA Central Library).

L T [ I I N — 30 L L R



WEL
Wells NERR

Maine

The Mussel Watch site at Kennebunkport was
established in 1989 at the mouth of the
Kennebunk River. While development in
Kennebunkport and around the Reserve is
approximately the same, different rivers
drain into the ocean near these sites, so the
site match is only fair (Table 1).

Concentrations of trace elements and organic
contaminants at the Mussel Watch site are
generally at or below NS&T median

concentrations (Table 3).
levels reached the NS&T 85th percentile or
‘high’ concentration, as did the YDiel concen-

tration in 1989.
With eight years

>SDDTs, and >BTs.

In 1997, mercury

data available, no
statistically-significant trends were found for
trace elements. Some statistically-significant
decreasing trends were

NS @,

%
_acalos, T LE
Kenn ebunkport

(AKP)

Gulfof

Maine

L 1

Figure 18. Wells NERR and adjacent areas.
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Figure 19. Trace element trends in blue mussels (Mytilus edulis) collected at NS&T Mussel
Watch site Kennebunkport (Cape Arundel) (CAKP) (ug/g dry wt).
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Figure 20. Trace organic contaminant and total butyltin trends in blue mussels (Mytilus edulis)
collected at NS&T Mussel Watch site Kennebunkport (Cape Arundel) (CAKP) (ng/g dry wt.;
>BTs, ng Sn/g dry wt.).

HIE

Plate 11. Mussel Watch site at Cape Arundel (CAKP), Kennebunkport,
in the Wells NERR (TAMU/GERG).
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Table 8. Trace element and trace organic contaminant concentrations in blue mussels (Mytilus
edulis) collected at NS&T Mussel Watch site Kennebunkport (Cape Arundel) (CAKP) (trace
elements, pg/g dry wt.; ¥BTs, ng Sn/g dry wt.; organic compounds, ng/g dry wt.).

S L ——
Year Mn Ni Cu Zn As Se Ag
1989 0.99 7.6 83 9.1 1.43 0.03
1990 13.3 1.22 7.2 117 11.4 2.53 0.06
1991 32.7 1.73 8.1 91 10.3 3.00 0.05
1992 14.0 1.56 6.8 110 10.3 2.82 0.03
1993 39.0 0.77 6.9 96 10.0 2.24 <
1995 20.2 1.46 5.8 101 11.8 3.33 0.05
1997 7.4 1.10 11.6 115 10.9 2.28 <
1999 17.6 1.55 7.1 87 10.7 2.12 0.03
NS&T ‘median’ 2.0 9.9 130 9.2 2.8 0.17
NS&T ‘high’ 4.6 16 170 16 4.1 0.54
Year Cd Sn Hg Pb SBTs
1989 0.98 0.07 0.133 1.33 37.1
1990 1.24 0.58 0.147 2.30 190
1991 1.53 0.06 0.133 1.63 73.6
1992 1.07 0.09 0.130 1.52 14.6
1993 1.27 < 0.110 1.40 <
1995 1.03 0.07 0.133 2.27 <
1997 0.95 0.19 0.188 1.70 <
1999 1.28 0.112 1.64 6.4
NS&T ‘median’ 2.6 0.100 1.8 59
NS&T ‘high’ 6.1 0.200 4.6 240
Year SPAHs SPCBs SDDTs  YCdane SDiel Hexachloro- Lindane Mirex
benzene
1989 204 109 34.2 19.9 14.7 5.70 11.7 <
1990 279 56 35.7 5.05 1.52 < 2.93 <
1991 214 48 27.6 1.29 0.63 < 0.89 <
1992 221 60 41.1 7.17 3.09 < 0.00 <
1993 175 60 27.1 4.76 1.70 0.48 0.52 0.30
1995 198 55 17.0 3.01 1.69 0.26 0.98 <
1997 187 62 25.6 2.96 1.55 0.69 0.37 <
1999 174 66 19.5 3.74 1.23 0.50 0.34 <
NS&T ‘median’ 300 100 33 10 5.1 0.23 1.2 0.24
NS&T ‘high’ 1200 450 140 32 15 11 2.8 1.2

< Value below the limit of detection
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GRB
Great Bay NERR

New Hampshire

The Dover Point Mussel Watch site was currently available, so there are no bar
established in 1997 specifically to represent charts.

the NERR in Great Bay. Richard Langan, Co-
director CICEET informed the NOAA field team
where the nearest viable mussel population
could be found. This site is categorized as
good in Table 1 because the site is influenced
by Piscataqua River as well as the waters of
Great Bay. Only two years of data are

Organic contaminant concentrations are
mostly near median NS&T concentrations and
no contaminant exceeds the 85th percentile
NS&T value. Copper, arsenic, mercury, and
lead either approach or exceed the 85th
percentile for at least one of the two years
for which data are available.

Mussel Watch site

YSI site outside

:|[> » O

-— g F - )
| NEW T T L  at . NERR boundary
HAMPSHRE . . % ' / b _émfanm YSI site
A = F——ry - ) LJ Ocean
: i il = ! NERR

Figure 21. Great Bay NERR and adjacent areas.
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Table 9. Trace element and trace organic contaminant concentrations in blue mussels (Mytilus
edulis) collected at NS&T Mussel Watch site Dover Point (Great Bay) (GBDP) (trace elements,
pg/g dry wt.; SBTs, ng Sn/g dry wt.; organic compounds, ng/g dry wt.).

I L ——
Year Mn Ni Cu Zn As Se Ag
1997 34.0 3.17 16.2 136 15.2 3.48 <
1999 23.2 2.21 8.8 104 11.6 2.18 0.08
NS&T ‘median’ 2.0 9.9 130 9.2 2.8 0.17
NS&T ‘high’ 4.6 16 170 16 4.1 0.54
Year Cd Sn Hg Pb SBTs
1997 2.08 0.45 0.583 6.03 47.0
1999 1.62 0.353 2.95 89.9
NS&T ‘median’ 2.6 0.100 1.8 59
NS&T ‘high’ 6.1 0.200 4.6 240
Year SPAHs SPCBs SDDTs  YCdane SDiel Hexachloro- Lindane Mirex
benzene
1997 450 148 18.1 3.11 1.17 0.37 0.39 0.35
1999 499 206 20.2 5.66 1.21 0.72 0.32 <
NS&T ‘median’ 300 100 33 10 5.1 0.23 1.2 0.24
NS&T ‘high’ 1200 450 140 32 15 1.1 2.8 1.2

< Value below the limit of detection

Plate 12. Mussel Watch site at Dover Point (GBDP) near the Great Bay
NERR(TAMU/GERG).
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WQB
Waquoit Bay NERR

Massachusetts

There are no Mussel Watch sites

representative of the Waquoit Bay NERR. The
nearest Mussel Watch site, which is Naushon

—

e \/ineyarcf
Sound

:|l> » O

Figure 22. Waquoit Bay NERR and adjacent areas.
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Island, 11 miles away. It is more represent-
ative of environmental conditions
Buzzards Bay than Waquoit Bay.

in eastern

Mussel Watch site

YSI site outside
NERR boundary

YSI site
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Plate 13. An aerial view of the jetties extending out from the entrance of Waquoit Bay,
Massachusetts, Waquoit Bay NERR (1995) (Photographer: R. Crawford. NOAA National
Estuarine Research Reserve Collection, nerr0791, NOAA Photo Collection, NOAA Central
Library).

Plate 14. American oyster (Crassostrea virginica), Waquoit Bay,
Massachusetts, Waquoit Bay NERR (1996) (Photographer J. Muller. NOAA
National Estuarine Research Reserve Collection, nerr0312, NOAA Photo
Collection, NOAA Central Library).
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NAR
Narragansett Bay NERR

Rhode Island

Both Mussel Watch sites represent conditions
present at the NERR. The Patience Island site
is within the boundaries of the Reserve, while
the Dyer Island site is 0.8 miles south.
Therefore the associations are considered
excellent and good, respectively. The Dyer
Island site is an original Mussel Watch site,
dating back to 1986. The Patience Island site
was established three years later.

Copper, arsenic and lead exceeded the NS&T
85th percentile at the Dyer Island Mussel
Watch site. Copper, silver, mercury, and lead
also exceeded the 85th percentile at the
Patience Island site.

The summed organics YPCBs, YDDTs, and
YDiel exceeded the 85th percentile at Dyer

Island. For Patience Island, SPCBs values are
near the 85th percentile, while YCdane and
SDiel exceeded the 85th percentile. The YDiel
values at Patience Island are as much as twice
as high as those from Dyer Island.

Statistically-significant decreasing trace
element concentrations were found at both
Mussel Watch sites. Zinc decreased at
Patience Island, while nickel, copper, zinc,
silver and lead all decreased at Dyer Island.
The organics 3YDiel and 3YBTs have both
decreased at Patience Island. However, at
Dyer Island there is a statistically significant
increase of YPCBs and a significant decrease
of hexachlorobenzene.
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Figure 23. Narragansett Bay NERR and adjacent areas.
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Figure 24. Trace element trends in blue mussels (Mytilus edulis) collected at the NS&T Mussel
Watch site of Dyer Island (Narragansett Bay) (NBDI) (pg/g dry wt.).
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Figure 25. Trace organic contaminants and }BTs trends in blue mussels (Mytilus edulis)
collected at NS&T Mussel Watch site at Dyer Island (Narragansett Bay) (NBDI) (ng/g dry wt.;
SBTs, ng Sn/g dry wt.).

Plate 15. Dislodged Spartina at Providence Point, Prudence Island,
Narragansett Bay NERR (1977) (Photographer J. Bruno. NOAA National
Estuarine Research Reserve Collection, nerr0423, NOAA Photo
Collection, NOAA Central Library).
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Table 10. Trace element and trace organic contaminant concentrations in blue mussels (Mytilus
edulis) collected at NS&T Mussel Watch site Dyer Island (Narragansett Bay) (NBDI) (Trace
elements, pg/g dry wt.; ¥BTs, ng Sn/g dry wt.; organic compounds, ng/g dry wt.).

I L —
Year Mn Ni Cu Zn As Se Ag
1986 60.3 3.40 14.3 113 10.5 2.77 0.20
1987 99.7 3.90 17.0 101 11.7 3.30 0.31
1988 2.57 14.0 113 10.3 2.37 0.18
1989 3.60 13.3 130 12.7 2.00 0.17
1990 26.3 3.52 10.9 123 8.7 2.37 0.14
1993 8.7 2.26 8.7 83 18.0 3.53 0.08
1994 16.8 1.43 10.5 78 11.8 1.93 0.16
1995 17.2 1.47 8.4 89 115 3.27 0.17
1997 7.4 1.40 13.9 94 15.8 3.09 <
1999 22.8 2.32 10.5 83 10.5 3.33 0.16
NS&T ‘median’ 2.0 9.9 130 9.2 2.8 0.17
NS&T ‘high’ 4.6 16 170 16 4.1 0.54
Year Cd Sn Hg Pb SBTs
1986 1.90 0.17 0.133 6.13
1987 1.43 0.17 0.160 6.20
1988 0.93 0.15 0.083 6.10
1989 1.27 0.33 0.167 5.27 126.0
1990 0.96 0.38 0.060 4.79 71.3
1993 1.47 < 0.120 2.80 31.4
1994 0.75 0.11 0.100 2.18 64.8
1995 1.05 0.20 0.134 2.07 21.8
1997 1.18 0.01 0.141 1.90 21.2
1999 1.35 0.168 2.26 46.9
NS&T ‘median’ 2.6 0.100 1.8 59
NS&T ‘high’ 6.1 0.200 4.6 240
Year SPAHs >PCBs SDDTs  YCdane SDiel Hexachloro- Lindane Mirex
benzene
1986 405 210 9.0 7.84 2.40 0.77 0.63 <
1987 391 455 53.8 19.67 18.30 0.86 0.67 0.61
1988 248 264 22.3 11.13 5.63 1.15 2.40 1.40
1989 210 417 20.9 9.30 3.23 4.93 < <
1990 294 329 35.6 19.78 13.30 0.40 3.17 0.05
1993 544 359 177.7 14.84 12.56 0.20 0.63 0.53
1994 831 306 82.5 11.05 20.65 0.51 0.98 <
1995 383 480 37.2 14.03 11.95 0.23 1.37 <
1997 328 523 38.5 11.69 8.93 0.63 0.52 <
1999 483 476 25.3 9.27 3.84 0.35 < <
NS&T ‘median’ 300 100 33 10 5.1 0.23 1.2 0.24
NS&T ‘high’ 1200 450 140 32 15 1.1 2.8 1.2

< Value below the limit of detection
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Plate 16. Mussel Watch site at Dyer Island (NBDI), Narragansett Bay,
Narragansett Bay NERR (TAMU/GERG).

Plate 17. Mussel Watch site at Patience Island (NBPI), Narragansett Bay, Narragansett
Bay NERR (TAMU/GERG).
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Figure 26. Trace element trends in blue mussels (Mytilus edulis) collected at NS&T Mussel
Watch site Patience Island (Narragansett Bay) (NBPI) (pg/g dry wt.).
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Figure 27. Trace organic contaminants and YBTs trends in blue mussels (Mytilus edulis)
collected at NS&T Mussel Watch site Patience Island (Narragansett Bay) (NBPI) (ng/g dry wt.;
>BTs, ng Sn/g dry wt.)

Plate 18. Aerial view of the Mussel Watch site at Dyer Island
(NBDI), Narragansett Bay, Narragansett Bay NERR (TAMU/

GERG).
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Table 11. Trace element and trace organic contaminant concentrations in blue mussels (Mytilus
edulis) collected at NS&T Mussel Watch site Patience Island (Narragansett Bay) (NBPI) (Trace
elements, pg/g dry wt.; ¥BTs, ng Sn/g dry wt.; organic compounds, ng/g dry wt.).

S L ——
Year Mn Ni Cu Zn As Se Ag
1989 2.43 13.7 107 7.7 2.13 0.48
1990 12.4 3.00 9.1 92 7.3 2.36 0.21
1991 11.7 2.13 14.3 99 10.2 2.23 0.47
1992 12.0 2.99 9.9 90 11.0 3.27 0.46
1993 9.4 2.66 32.6 120 14.0 3.27 2.39
1995 50.9 2.23 9.5 97 111 2.99 0.17
1996 23.9 1.50 7.1 72 12.2 3.00 0.19
1997 8.0 1.80 12.9 87 11.7 2.81 <
1999 12.1 2.48 10.8 84 9.5 1.50 0.48
NS&T ‘median’ 2.0 9.9 130 9.2 2.8 0.17
NS&T ‘high’ 4.6 16 170 16 4.1 0.54
Year Cd Sn Hg Pb SBTs
1989 1.53 0.16 0.103 2.10 71.1
1990 1.04 0.75 0.077 1.77 98.9
1991 1.33 0.15 0.097 2.60 74.8
1992 1.54 0.15 0.110 2.53 59.1
1993 1.77 0.20 0.140 5.00 89.0
1995 1.20 0.33 0.127 2.31 175
1996 1.30 0.32 0.130 1.70 14.4
1997 1.40 0.04 0.090 2.00 9.9
1999 1.89 0.202 2.62 45.4
NS&T ‘median’ 2.6 0.100 1.8 59
NS&T ‘high’ 6.1 0.200 4.6 240
Year SPAHs >PCBs SDDTs  YCdane SDiel Hexachloro- Lindane Mirex
benzene
1989 309 376 39.2 24.13 47.00 1.90 < <
1990 484 440 48.2 33.75 32.43 0.48 2.77 <
1991 323 151 13.3 8.46 12.60 0.21 1.40 <
1992 485 373 38.5 15.41 29.62 < 0.00 <
1993 608 375 47.9 13.81 13.88 0.32 0.77 0.55
1995 366 457 36.9 15.64 17.92 0.19 1.33 <
1996 417 478 36.8 15.93 10.35 0.39 2.03 0.49
1997 269 394 33.8 13.66 11.62 0.74 0.58 <
1999 501 415 25.2 10.32 3.63 0.45 0.35 0.15
NS&T ‘median’ 300 100 33 10 5.1 0.23 1.2 0.24
NS&T ‘high’ 1200 450 140 32 15 11 2.8 1.2

< Value below the limit of detection
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HUD
Hudson River NERR

New York
There are four components to this NERR: .! J} ﬂ-fua[son
Stockport Flats, Tivoli, lona Island and .
Piermont Marsh. Only the Tivoli NERR has a =7 River
Mussel Watch site. The Cruger Island Mussel 1_' i
Watch site was established within the Hudson NEW l
River-Tivoli Component NERR in 1995. YORK ( ,.J'LT:IE'?
Zebra mussels are collected at this and 24 !' | b,
Great Lakes Mussel Watch sites. / Tivoli —ﬁ
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Figure 28. Hudson River NERR and adjacent areas.
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Trace element concentrations were ‘high’ for
nickel and copper in all years. Zinc and Lead
also exceeded the 85th percentile in 1995.

O'Connor (2002) found that of the 25 Mussel
sites at which zebra mussels are collected, all
25 were ‘high’ (above the 85th percentile) in
nickel; copper was ‘high’ at 22, selenium at
21, chromium at 17, and cadmium at 11. He
concludes this probably reflects the species,
not the environment. Trace elements from

Cruger Island should only be compared to sites
where zebra mussels were used.

Of the summed organic contaminants, >BTs
approached the 85th percentile in 1999.

SPCBs were at or above the 85th percentile in
all years. The high YPCBs are not unexpected
because of the history of PCB discharges in
the upper Hudson River. There are not enough
years of data to perform
analyses for this site.

statistical trend

Plate 19. Mussel Watch site at Cruger Island (Hudson River) (HRCI) in the Hudson

River NERR (C. Nieder, Research coordinator, Hudson River NERR).
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Figure 29. Trace element trends in zebra mussels (Dreissena polymorpha and D. bugensis)
collected at NS&T Mussel Watch site Cruger Island (Hudson River) (HRCI) (ug/g dry wt.).

L T [ I I N — 49 L L R



1200 1600 T 140 qmmmmmmmmsmmmmmmms
1000 + 1 120 4
e 1 DDTs
800 4 - 100 2
600 PCB Nl
SPCBs 604
400- -IIIIIIIIIIIIIIIIIIIIIIII